Introduction
During the past several years, research in our laboratory has focused on the synthesis of new building blocks which are suitable for the design of various constrained a-amino acid (AAA) derivatives. 1 These investigations are directed towards the preparation of a,a-dialkylated amino acid derivatives that are not accessible by conventional modes such as Bucherer-Berg (BB) method. Our efforts have led to the development of several building blocks, which are useful for the generation of various unusual AAA derivatives. Within this context, we proposed o-xylylene (or o-quinodimethane) intermediate 1 containing an AAA moiety as a versatile reactive intermediate for the generation of various benzo-annulated indane-based AAA derivatives (e.g., 5) via a Diels-Alder (DA) strategy. It is hoped that introduction of new type of building blocks (e.g., 1) as reaction partners in DA chemistry would significantly extend the impact of these methodologies in peptide-based drug design. Indane-based AAA derivatives such as 4, are a special class of constrained phenylalanine (Phe) derivative 3, used in several instances to modify various biologically active peptides. [2] [3] [4] [5] Also, indane-based AAA are useful building blocks for the design of 'ladder-like' parallel tapes in crystal engineering studies. 6 Indanylglycine (Ind) 4 in which phenyl ring is covalently connected to the a-carbon through a C-methylene group and thereby providing the rigid aromatic ring lacking rotational freedom of the Pheside chain. Compound 4, a component of a potent ligand of angiotensin-II receptor with agonistic or antagonistic activity was extensively used in the synthesis of various biologically active peptides. 3 In this regard, Chasing and coworkers synthesized several 2-indanyl-glycine derivatives for analyzing the binding pockets of Phe (7) (S7) and Phe (8) (S8), two important aromatic residues for pharmacological properties of substance P (SP). 3 Cyclic analogues of phenylglycine, Ind, a-methyl-40-phosphonophenylglycine (MPPG) have been synthesized and exhibited interesting pharmacological properties towards glutamate receptors. 7 Topographical consideration is the major approach to the rational design of peptide ligands to explore the side-chain interaction for binding to their receptors and for signal transduction. This aspect has been realized by incorporation of constrained AAA such as 5 (RZH) into the backbone of polypeptide and also in non-peptide templates. 8 When the C-terminal Phe residue in chemotactic agent HCO-MetLeu-Phe-OH (FMLP) was replaced by Ind, the resulting modified analog has shown to be highly active in the superoxide production ( Fig. 1 ).
In addition, the indane moiety is an important structural element, which can fix the relative position of functional groups to impart a greater specificity for biological activity. Also, a number of indane-based derivatives have been synthesized and were shown to be pharmacologically active compounds. [9] [10] [11] [12] [13] [14] [15] [16] Several approaches towards the parent o-xylylene [17] [18] or oquinodimethane (o-QDM) 2 intermediate have been explored and these are summarized in Scheme 1. Thermal generation of 2 by various roots was realized at higher temperature except in case of sultine 7. In 1991, Dittmer and co-workers had reported the syntheses of the sultine 7 from o-xylenedibromide 9 in high yield using PTC, tetrabutylammonium bromide (TBAB) conditions. 19 In this respect, sultine 7 was found to be a suitable precursor to generate the parent o-xylylene 2 at around 80 8C.
In a related study, Martin and co-workers explored several routes to generate the o-xylylene intermediate and they have reported various C 60 fullerene adducts using sultine as a latent diene component (Scheme 2). 20 Later on, Chung and co-worker have reported various heterocyclic sultine derivatives capable of participating in DA chemistry. 21 Realization of the proposition shown in Scheme 3 depends on finding suitable conditions to generate the key precursor related to 1. Although, several methods are available for the generation of the parent o-xylylene 2, these methods may not be applicable for the intermediates related to 1 due to the presence of two reactive functional groups, i.e., amino and carboxyl. Our initial experience to prepare o-xylylene intermediates containing AAA moiety from benzocyclobutene intermediates was not favorable. 22 In the past, we had demonstrated that sultine intermediate can be trapped with a dienophile containing AAA moiety. 23 
Strategy
In a program directed towards the synthesis of highly functionalized benzo-annulated indane-based (AAA) derivatives such as 5, we identified [4C2]-cycloaddition (DA) strategy as a possible route (Scheme 3). Herein, we report the realization of this strategy to prepare various benzo-annulated indane-based AAA derivatives by trapping the reactive intermediate 1 with different dienophiles.
Approaches based on the DA strategy have been well established in the literature where the sultine derivatives were used as a latent diene equivalents. [20] [21] However, there are no example known where the sultine derivative containing AAA moiety, and, in this regard we attempted to prepare various indane-based AAA derivatives by utilizing sultine methodology. To expand upon 'Building Block Approach' for highly functionalized benzo-annulated indane-based AAA derivatives, generation of 1 via sultine derivative 20 is an attractive proposition.
Results and discussion
Towards the synthesis of compounds such as 5, the required indane derivative 17 was synthesized according to the reported procedure via a four-step sequence starting from ethyl isocyanoacetate 15 (Scheme 4). 25 The dihydroxy indane derivative 17 was then converted to the corresponding dibromide 18 under PBr 3 conditions (Scheme 5). 26 The IR spectrum of compound 18 showed characteristic strong 27 Next, the dibromo compound 18 was reacted with sodium hydroxy methanesulfinate (rongalite) 28 in presence of tetrabutylammonium bromide (TBAB) in DMF at 0 8C, the two isomeric sultine-based AAA derivatives 20 and 20a were obtained in 72% combined yield (1:1) (Scheme 6 ) which are present in the indane ring system and singlets at d 7.12 and 7.14 for the aromatic protons. The structure of compound 20 was further confirmed by its characteristic 16-line 13 C NMR spectrum and also supported the unsymmetrical nature of 20. The 13 C NMR signals are assigned by reference to related literature examples. 29 The 13 C NMR spectrum of 20 showed two signals at d 57.0 (CH 2 S]O) and 63.9 (CH 2 O-S) due to the presence of two characteristic carbons of oxathiin-3-oxide (sultine) moiety. The second isomer 20a (mp: 198-199 8C) also displayed similar spectral parameters. Since these two isomers have very similar IR, 1 H NMR and 13 C spectra, it was not possible to assign the exact stereochemistry with the available data. Isomers 20 and 20a are presumably diastereoisomers (each as a racemic mixture).
Having the sultines 20 and 20a in hand, their DA chemistry with various dienophiles, was then explored. Subsequent oxidation of the DA adducts with DDQ 30 gave benzoannulated derivatives (21) (22) (23) (24) (25) . In a separate experiment both sultine derivatives 20 and 20a were treated with dimethyl acetylenedicarboxylate (DMAD) in xylene at 120 8C to give the DA adduct which was contaminated with the aromatized product (Scheme 7). Therefore, isolation of the DA products was not attempted and they were treated with DDQ to give aromatized products 21-25. We were pleased to discover that the sultine 20 (or 20a) on treatment with various dienophiles delivered highly functionalized indane derivatives, which on subsequent oxidation gave aromatized products. These products are characterized with the complementary spectral data ( 1 H and 13 C) and the results are summarized in Table 1 .
During the DA sequence, we found that both the sultine derivatives 20 and 20a gave the same sulphone 26 in refluxing toluene in the absence of a dienophile (Scheme 8). In the 1 H NMR spectrum of 26, the methylene proton attached to the sulphone group appeared as a singlet at d 4.32 and the M C peak at m/z 337 in its mass spectrum revealed its structural formulation. The 11-line 13 (21) (22) (23) (24) (25) , which are shown in Table 1 .
Next, the sultine 20 (or 20a) was reacted with a dienophile such as methyl 2-acetamido acrylate at 120 8C in toluene to give the highly constrained bis AAA derivative 27, in 33% isolated yield (Scheme 10).
Along similar lines, the sultine 20 (or 20a) was reacted with N-phenyl maleimide to give a pair of DA adducts 28 and 29 in 96% combined yield (Scheme 11). Both these compounds 28 (mp 162-164 8C) and 29 (mp 142-144 8C) gave almost identical 1 H, 13 C NMR and mass spectral data. Based on this data we concluded that they are diastereoisomeric compounds and stereochemistry of the individual isomers could not be determined.
In view of various applications of fullerene-based AAA derivatives in bioorganic chemistry, 33 we turned our attention to incorporate the AAA moiety in fullerene system. For example the hydrophobic character and their ability to act as an electron sink make fullerene-based AAA derivatives an attractive building block for biological application. In this context sultine (or 20a) was reacted with Buckminister fullerene (C 60 ) in toluene at reflux temperature to give the DA product 30 in 49% yield. The FAB mass spectral data (MCH, 994) of the DA product 30 is in agreement with the structure of the DA adduct 30 (Scheme 12).
Conclusions
General methods for cyclic AAA synthesis is an important stepping stone for the design of unnatural peptides and complex AAAs. In this respect, we have shown that oxylylene derivative containing AAA moiety derived from sultine 20 (or 20a) can be trapped with various dienophiles. It is worth mentioning that compounds, of the type 23-25, are not accessible by the currently available BB method, due to the presence of the keto functionality. Moreover, the synthesis of the starting keto precursor required for BB method is not a trivial exercise. We believe that the methodology reported here can be extended to the synthesis of a new class of benzo-annulated AAA derivatives that may play an important role in combinatorial chemistry. 5.1.1. 2-Acetylamino-5,6-bis-bromomethyl-indane-2-carboxylic acid ethyl ester (18) . To a stirred solution of the diol 17 25 (800 mg, 2.6 mmol) in dry benzene (30 ml) was added phosphorous tribromide (1.6 g, 6.3 mmol) at 0 8C and the mixture was stirred at rt for 6 h. Then, the reaction mixture was poured into ice-cold water (40 ml) and then extracted with chloroform (3!100 ml). The combined organic extract was washed with water, brine, and then dried over magnesium sulfate. Evaporation of the solvent and purification of the crude product by a silica gel column using 30% ethyl acetate-hexane mixture as an eluent gave the dibromide 18 as colourless pellets (914 mg, 81% (20 and 20a) . To a suspension of rongalite (710 mg, 0.43 mmol) in DMF (15 ml) was added dibromo compound 18 (200 mg, 0.46 mmol) and tetrabutylammonium bromide (TBAB) (148 mg, 0.43 mmol) at 0 8C, and the resulting solution was stirred at 0 8C for 3 h, and then at rt for 4 h. The reaction mixture was quenched with water (25 ml) and extracted with chloroform (3!150 ml), dried over magnesium sulfate and concentrated. The crude product was purified on a silica gel column. Elution with 60% ethyl acetate-hexane mixture gave the fast moving compound 20 as a white solid (56 mg, 36% 
5.2.
General procedure for the DA reaction with sultine derivative with various dienophiles and subsequent DDQ oxidation of the DA adduct A solution of the sultine (1 equiv) and dienophile (2-3 equiv) in toluene was refluxed until the starting materials have been disappeared. At the conclusion of the reaction (TLC monitoring), the solvent was removed at reduced pressure and the crude product was purified by silica gel column chromatography. Elution of the column with ethyl acetate/petroleum ether mixture gave the required DA adduct always mixed with small amount aromatized product. Subsequently, that DA adduct (1 equiv) and DDQ (1.5-2 equiv) in dry benzene was refluxed (22-48 h). The reaction mixture was quenched with water and extracted with ethyl acetate. The combined organic layer was washed with 2% KOH, water, brine, and dried with MgSO 4 . The solvent was evaporated and the crude product was charged on a silica gel column. Elution of the column with ethyl acetate/petroleum ether mixture gave the desired product.
2-Acetylamino-2,3-dihydro-1H-cyclopenta[b]
naphthalene-2,6,7-tricarboxylic acid ethyl ester dimethyl ester (21) . A solution of the sultine 20 (15 mg, 0.04 mmol) and dimethyl acetylenedicarboxylate (DMAD) (20 mg, 0.14 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 48 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the required DA adduct (15 mg) as a semi-solid. Subsequently, the DA adduct and DDQ (22 mg, 0.08 mmol) in dry benzene (2 ml) was refluxed for 48 h. At the conclusion of reaction (TLC monitoring), the reaction mixture was worked up according to the general procedure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the desired product 21 (14.4 mg, 78%) 
naphthalene-2,6,-dicarboxylic acid 2-ethyl ester 6-methyl ester (22) . A solution of the sultine 20 (14 mg, 0.04 mmol) and methyl propiolate (17.5 mg, 0.20 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 24 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by silica gel column chromatography. Elution of the column with 40% ethyl acetate/petroleum ether mixture gave the required DA adduct (6.5 mg) as a semisolid. Subsequently, the DA adduct and DDQ (6 mg, 0.05 mmol) in dry benzene (2 ml) was refluxed for 48 h. At the conclusion of the reaction (TLC monitoring), the reaction mixture was worked up according to the general procedure. The crude product was purified by a silica gel column chromatography. Elution of the column with 40% ethyl acetate/petroleum ether gave the desired product 22 (6.4 mg, 43%) 
5.2.3.
2-Acetylamino-6,9-dioxo-2,3,6,9-tetrahydro-1H-cyclopenta[b]anthracene-2-carboxylic acid ethyl ester (23) . A solution of the sultine 20 (20 mg, 0.059 mmol) and 1,4-benzoquinone (12.8 mg, 0.12 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 14 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the required DA adduct (20.5 mg) as a yellow solid. Subsequently, the DA adduct and DDQ (15.5 mg, 0.07 mmol) in dry benzene (2 ml) was refluxed for 30 h. At the conclusion of the reaction (TLC monitoring), the reaction mixture was worked up according to the general procedure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the desired product 23 (20 (24) . A solution of the sultine 20 (20 mg, 0.059 mmol) and 1,4-naphthoquinone (13.0 mg, 0.12 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 14 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of column with 50% ethyl acetate/petroleum ether gave the required DA adduct (17.5 mg) as a yellow solid. Subsequently, the DA adduct and DDQ (26.0 mg, 0.114 mmol) in dry benzene (2 ml) was refluxed for 48 h. At the conclusion of reaction (TLC monitoring), the reaction mixture was worked up according to the general procedure. The crude product was purified by a silica gel column chromatography. Elution of column with 50% ethyl acetate/ petroleum ether gave the desired product 24 (17 mg (25) . A solution of the sultine 20 (15 mg, 0.044 mmol) and 1,4-anthraquinone (18.5 mg, 0.089 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 24 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the required DA adduct (22 mg) as a yellow solid. Subsequently, the DA adduct and DDQ (16.8 mg, 0.75 mmol) in dry benzene (2 ml) was refluxed for 48 h. At the conclusion of reaction (TLC monitoring), the reaction mixture was worked up according to the general procedure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the desired product 25 (19.5 5.2.6. 6-Acetylamino-2,2-dioxo-1,2,3,5,6,7-hexahydro2l 6 -thia-s-indacene-6-carboxylic acid ethyl ester (26) . A solution of the sultine 20 (20 mg, 0.059 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 24 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave the required compound 26 (14 mg, 88%) as a white solid. (27) . A solution of the sultine 20 (20 mg, 0.059 mmol) and methyl 2-acetamidoacrylate (17 mg, 0.2 mmol) in dry toluene (3 ml) was stirred at 120 8C in a sealed tube for 14 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of the column with 60% ethyl acetate/petroleum ether gave the required DA adduct 27 (8 mg, 33%) (28 and 29) . A solution of the sultine 20 (20 mg, 0.059 mmol) and N-phenyl maleimide (20 mg, 0.115 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 12 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of the column with 50% ethyl acetate/petroleum ether gave a fast moving DA adduct 28 ( 6 -thia-s-indacene-6-carboxylic acid ethyl ester (20 and 20a) with C 60 (30) . A solution of the sultine 20 (14 mg, 0.041 mmol) and C 60 (30 mg, 0.041 mmol) in dry toluene (2 ml) was stirred at 120 8C in a sealed tube for 10 h. At the conclusion of reaction (TLC monitoring), the solvent was removed at reduced pressure. The crude product was purified by a silica gel column chromatography. Elution of column with 25% ethyl acetate/petroleum ether gave the DA adduct 30 (20.4 
